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(57) ABSTRACT

A method of depth perception based on binary laser speckle
images comprises: read in binary input and reference
speckle images (pattern fixed, distance known) to generate
input and reference speckle windows, extract an image block
of a certain size in the input speckle window, search for the
matching block in the matching search window of the
reference speckle window, use a method for block-based
XOR (exclusive or) similarity calculation to compare and
output a minimum similarity value or use a block-based IAD
(inclusive and) method to compare and output a maximum
similarity value to get the optimal matching block and the
optimal offset, and then work out the depth information of
the central point of the optimal matching block via a formula
for depth calculation. The method not only can be easily
implemented in hardware and greatly simplity depth calcu-
lation, but can also generate high-resolution and high-
precision depth information in a fast and accurate manner.
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1
ONE METHOD OF DEPTH PERCEPTION
BASED ON BINARY LASER SPECKLE
IMAGES

FIELD OF THE INVENTION

The present invention is classified in the field of image
processing, human-computer interaction and machine vision
technology, specifically involving a method of depth per-
ception based on binary laser speckle images.

BACKGROUND OF THE INVENTION

The vision is the most direct and important way for human
to observe recognize our world. We are living in a three-
dimensional world, and the human vision can not only
perceive the brightness, color, texture information and
movement on the surface of an object, but also distinguish
its shape, space and spatial position (depth and distance).
Currently, the difficulty in researching the machine vision
system is how to acquire the high-precision 3D depth
information in a real time and improve the intelligent level
of the machine.

In the field of industry, high-resolution and high-precision
3D depth information is widely demanded, such as automo-
tive safety driving assisting, high-speed machine tool pro-
cessing, industrial modeling, 3D printing, medical imaging
and 3D visual perception in the IOT (Internet of Things). In
the field of consumer electronics, the depth perception
technology and devices can help to improve the intelligent
level and interaction ability of electronic products so as to
bring “fiction-like” control methods and brand-new man-
machine interaction experience for users and achieve inno-
vative applications in the smart TV, smart phones, household
appliances, and tablet PC, etc.

Compared with the traditional binocular stereoscopic
cameras, the active visual mode based on structured light
coding can get image depth information more accurately,
stably and reliably, featuring such advantages as no impact
of the ambient light, simple stereoscopic matching process
and small calculation amount of the algorithm. For example,
the somatosensory interaction device of MICROSOFT-KI-
NECT adopts the active visual mode of infrared structured
light, namely, the infrared laser projects a fixed image onto
the surface of an object to form scattered spots via diffuse
reflection on the surface, and the imaging sensor acquires
speckle images to obtain the depth information of the object
by means of calculation via the image depth sensor chip.

SUMMARY OF THE INVENTION

In view of this, the present invention provides a method
of depth perception based on binary laser speckle images,
firstly carrying out image preprocessing to get binary images
(each pixel is expressed with 0 and 1) of the input laser
speckle images (with the depth information unknown) and
the reference laser speckle images (as standard matched
speckle images, their pattern is fixed, and their depth and
distance information is known); then extracting an image
block of a certain size from the binary input speckle images
for block matching motion estimation, following a certain
search strategy and similarity value measurement index to
search for the optimal matching block of this image block in
the matching search window centered by the corresponding
position of the binary reference speckle image and get the
offset between this image block and the matching block,
which is the motion vector of this image block and expressed
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2

by the displacement (Ax, Ay) in the X and Y-axis directions,
with its starting and ending points respectively correspond-
ing to the central points of the input speckle image block in
the speckle window and the central points of optimal match-
ing block in the reference speckle window. The center depth
information d' of this image block can be calculated via the
depth calculation formula according to the offset in the X or
Y-axis direction, as well as the known distance parameter d
in the reference laser speckle image, the baseline distance S
between the laser projector and the image acquisition device,
the focal length f of the image acquisition sensor and the dot
pitch parameter .

According to the present invention, a method of depth
perception based on binary laser speckle images which
includes such steps as follows:

Step 1: generate an input speckle window and a reference
speckle window: read in multi-line speckle data from the
identical location of the binary input and reference speckle
images to form such input and reference speckle windows
with the size of N lines:

Step 2: in the input speckle window, extract an input
image block,,.,, with the size of mxn and the center of O: in
the reference speckle window, extract a matching search
window Match,,, ., (whose size is MxN) within a certain
range and corresponding to the central point O of the input
image block; in the matching search window Match, . .
extract all matching blocks match, (whose size is mxn)
identical to the input image block in size, and the central
point of the matching block is o, in which k is an integer,
indicating the number of the matching blocks;

Step 3: calculate the similarity value match_value,
between the input image block block,,,..,, and all k matching
blocks match, as the index to measure the image block
matching similarity:

Step 4: mark the locations of all k similarity values
match_value,, in which the location information indicates
the offset between the central point o, of the matching block
match, and the central point o of the matching search
window;

Step 5: work out the minimum or maximum value in all
k similarity values match_value,, the matching block cor-
responding to the minimum or maximum value is the
optimal matching block of this input image block, the
location information corresponding to the optimal matching
block is the optimal offset (Ax, Ay) of this input image block,
namely, the motion vector of this input image block, in
which the optimal offset is calculated by the central point
coordinate values (x, y) of the reference speckle window
deducted by the central point coordinate values (x',y') of the
optimal matching block respectively in the X and Y-axis
directions;

Step 6: use the optimal offset Am (Ax or Ay) in the X or
Y-axis direction, as well as the known distance parameter d
in the reference speckle image, the baseline distance S
between the laser projector and the image acquisition device,
the focal length f of the image sensor and the dot pitch
parameter p of the image sensor to calculate the depth
information d' for the central point o of the input speckle
image block block,,,,, via the depth calculation formula.

The present invention can rapidly and accurately generate
the motion vector of each pixel in an input speckle image
and get the depth distance of this pixel point according to the
depth calculation formula. Our invention can be completely
and easily implemented in hardware, greatly simplify the
block matching calculation so as to reduce the resource costs
for hardware implementation, and help to generate real-time,
high-resolution and high-precision image depth information.
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Moreover, the beneficial effects based on the technical
solution of the present invention will be concretely demon-
strated by further explanation in the following implementa-
tion examples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the flow chart of the implementation
example in the present invention;

FIG. 2 illustrates the structure schematic for the binary
input or reference speckle images in the implementation
example of the present invention;

FIG. 3 illustrates the schematic for the offset between the
input image block and the optimal matching block in the
implementation example of the present invention;

FIG. 4 illustrates the schematic for calculation of the
image block depth in the implementation example of the
present invention;

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Here follow further details of the present invention based
on illustrations.

FIG. 1 illustrates the overall process for the depth per-
ception based on binary laser speckle images in the imple-
mentation example of the present invention. For clearer
descriptions, this following text will take advantage of the
FIGS. 2, 3 and 4 to describe this method.

The above-mentioned reference speckle patterns are
acquired as follows: the irregular laser speckle patterns
formed by interference of such laser beams (infrared, vis-
ible, ultraviolet and invisible light) with a fixed pattern are
projected by a laser projector on the plane (this plane can be
formed by a projection cloth and a panel, etc. used to present
clear and stable speckle images, and this plane can be called
as the datum plane) vertical to the center axis (Z-axis) of the
laser projector with the vertical distance known as d; after
collected by the image sensor and binarized by image
adaptive pre-processing as shown in the binary speckle
image in FIG. 2, such patterns will be fixed and stored in the
memory and used as the matching benchmark pattem for
depth perception and calculation.

The image adaptive preprocessing includes input video
format conversion (e.g., Bayer, ITU601, ITU656 or MIPI
interface format conversion), color space conversion (for
example, from RGB to YUV), grey image’s adaptive denois-
ing and enhancement, and grey image’s binarization (rep-
resented by 0 and 1, in which 1 corresponds to the speckle
pixels), etc. in order to make the speckle pattern clearer,
reduce the noise interference so as to facilitate calculation of
the block matching motion vector in the contents of the
present invention.

The input speckle image sequence is obtained as follows:
the coded speckle patterns identical to the reference speckle
images are projected by a laser projector into the space
where the target object is located, after the binarization
module for adaptive preprocessing of the images identical to
the reference speckle image, a binary input speckle pattern
as shown in FIG. 2 can be achieved.

Step 1: generate an input speckle window and a reference
speckle window: read in multi-line speckle data identically
located from the binary input and reference speckle images
to form such input and reference speckle windows with the
size of N lines; therein, each pixel is represented by 0 and
1.
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Step 2: in the input speckle window, extract an input
image block block,,. ., with the size of mxn and the center of
O (therein, the block size parameters m and n are integers
equal or unequal): in the reference speckle window, extract
a matching search window Match, ., (Whose size is MxN,
M and N are integers equal or unequal, generally M=N,
M>m, N=zn) within a certain range and corresponding to the
central point o of the input image block; in the matching
search window Match,,,,, extract all matching blocks
match, (whose size is mxn) identical to the input image
block in size, and the central point of the matching block is
04, in which k is an integer, indicating the number of the
matching blocks;

Step 3: calculate the similarity value match_value,
between the input image block block,,,..,, and all k matching
blocks match, as the index to measure the image block
matching similarity;

In an implementation example, the similarity value can be
calculated by means of “XOR (exclusive or)” calculation
between the pixels corresponding to the input image block
block,,,.,,, and the matching block match,, and the result can
be used to indicate difference magnitude (the smaller the
value, the smaller the difference), and if the XOR result is
used as the similarity index, then subsequently it requires
that the minimum value should be worked out from such
XOR results, with the matching block corresponding to such
minimum value as the most similar (the most matched)
matching block. In another implementation example, the
similarity value can be calculated by means of “IAD (inclu-
sive and)” calculation between the pixels corresponding to
the input image block block,,, and the matching block
match,, indicating the number of ‘1’ between the input
image block block,,.,, and the matching block match, (the
larger the value, the more similar), and if the IAD result is
used as the similarity index, then subsequently it requires
that the maximum value should be worked out from all
values, with the matching block corresponding to such
maximum value as the most similar (the most matched)
matching block.

Step 4: mark the locations of all k similarity values
match_value,, in which the location information indicates
the offset between the central point o, of the matching block
match, and the central point o of the matching search
window;

Therein, the location markers adopt such data structure as
[location value, match_value,], the location value can be
expressed in a one-dimensional or two-dimensional mode,
which corresponds to the location distance relationship
between the central point o, of this matching block match,
and the central point o of the matching search window
bock, .- and the two-dimensional position is expressed by
the offset (Ax, Ay), in which both Ax and Ay are integers,
whose positive and negative respectively indicate the left-
right and up-down relationship to the central point of the
matching search window.

Step 5: work out the minimum or maximum value in all
k similarity values match_value,, the matching block cor-
responding to the minimum or maximum value is the
optimal matching block of this input image block, the
location information corresponding to the optimal matching
block is the motion vector of this input image block, in
which the optimal offset is calculated by the central point
coordinate values (x,y) of the reference speckle window
deducted by the central point coordinate values (X', y') of the
optimal matching block respectively in the X and Y-axis
directions;
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Therein, the XOR and IAD methods are adopted to work
out the minimum value min{match_value,} and the maxi-
mum value max{match_value, }respectively. After the mini-
mum or maximum value of the similarity is worked out, the
matching block match,, corresponding to this value should be
the optimal matching block searched by the image block
block,,,.,,, and the location information bound to this mini-
mum or maximum value should be the optimal offset (Ax,
Ay) of the image block block,,,,,, central point o, namely, the
motion vector of this input image block block,,,,,,. and the
offset value is calculated by the central point coordinate
values (x, y) of the reference speckle window deducted by
the central point coordinate values (x',y") of the optimal
matching block in the X and Y-axis directions respectively.

As shown in FIG. 3, the input image block is the grey area
in the input speckle pattern and the optimal matching block
is the slash area in the matching search window of the
reference speckle pattern; the optimal offset is (Ax, Ay)
between the central point o, of such slash areca and the
central point o (whose position corresponds to the central
point of the input image block) of the matching search
window block, . ., respectively indicating the displacement
in the X and Y-axis directions, and its positive and negative
values correspond to the up-down and left-right coordinate
relationship, while correspond to the front-rear relationship
to the plane of the reference speckle pattern in the space; if
the optimal offset is positive, it indicates a closer distance to
the position of the reference speckle pattern; if the optimal
offset is negative, it indicates a farther distance to the
position of the reference speckle pattern; at the same time,
a greater offset value indicates a longer vertical distance
from the central point o of this image block to the reference
speckle pattern plane with the depth distance known and as
the distance is fixed between the reference speckle pattern
plane and the laser projection device, so a greater offset
occurs, the distance from this central point o relative to the
laser projection device may be closer or further away.

Step 6: use the optimal offset Am (Ax or Ay) in the X or
Y-axis direction, as well as the known distance parameter d
in the reference speckle image, the baseline distance S
between the laser projector and the image acquisition device,
the focal length f of the image sensor and the dot pitch
parameter |1 of the image sensor to calculate the depth
information d' for the central point o of the input speckle
image block block,,,.,, via the depth calculation formula as
shown in FIG. 4.

In this implementation example, calculate d' according to
the depth calculation formula as follows:

Ampd®  f5d
T A+ Amud  fS+Ampd

d' =d

Where, the optimal offset Am is equal to the x coordinate
value of the reference speckle window central point
deducted by the x' coordinate value of the optimal matching
block central point, or equal to the y coordinate value of the
reference speckle window central point deducted by the y'
coordinate value of the optimal matching block central
point, and the result may be positive or negative. If the
optimal offset Am is positive, it indicates a closer distance to
the position of the reference speckle pattern; if the optimal
offset is negative, it indicates a farther distance to the
position of the reference speckle pattern.

Furthermore, move the central point o of the input speckle
image block to the next pixel in the same line, repeat the
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steps 2-6 to calculate the depth value, and follow such
calculation sequence point by point and line by line to obtain
the depth image corresponding to the input speckle image.
Similarly, it can also be used to calculate the depth infor-
mation of the input image sequence. Moreover, the depth is
calculated according to the image block and such image
block is fairly small, so its depth information can be ignored
for pixels at the image edge, which does not affect the depth
calculation of the whole image.

Optimally, if we only focus on the offset Ax of the image
block in the X-axis direction, the matching search window
can be selected emphatically by extending the image block
left and right along the X-axis direction, namely, if M and N
are given a larger value and a smaller value respectively, the
number of the matching blocks can be reduced, thus reduc-
ing the calculation amount and complexity while improving
the operation speed. Similarly, it is true of that along the
Y-axis direction of the image block.

As an example, the present invention adopts the conven-
tional full-search strategy to search the matching blocks, and
moreover, other kinds of improved search strategies and
indexes for similarity measure can also be used, for instance
three-step search method (TSS), etc. In the present inven-
tion, this similarity value is calculated by means of XOR or
IAD calculation, but not limited to such two methods.

In the present invention, the search strategy is to search
the matching blocks one by one and its offset (namely,
motion vector) accuracy can reach the pixel level or the
sub-pixel level through interpolation calculation of the
speckle image pixels.

The above implementation example is completed in a
specific system, but it is not restricted to the present inven-
tion; the present invention can be similarly applied to similar
image projection and image sensor systems, and more than
one input image block can be used for matching; similarly,
more than one reference speckle image can also be used as
the standard for matching. Therefore, the modification and
perfection not beyond the spirit and range of the present
invention should all be included in the range of such claims
mentioned above.

What is claimed is:

1. A method for depth perception of binary laser speckle
images, comprising the following steps of:

Step 1: generating an input speckle window and a refer-
ence speckle window by reading multi-line speckle
data from identical locations of binary input and ref-
erence speckle images to form such input and reference
speckle windows with N lines;

Step 2: in the input speckle window, extracting an input
image block block,,., with size of mxn and central
point O; in the reference speckle window, extracting a
matching search window Match,, . (size of MxN)
within a certain range from the corresponding location
of the central point O of the input image block; in the
matching search window Match,, , extracting all
matching blocks match, (each of size mxn) and the
central point of each matching block is O, in which k
is an integer;

Step 3: calculating a similarity value match_value,
between the input image block block,,,, and all k
matching blocks match, as an index to measure block
matching similarity;

Step 4: marking locations of all k similarity values
match_value, with location information indicating the
offset between the central point O, of the matching
block match, and the central point O of the matching
search window;
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Step 5: working out the minimum or maximum value
among all k similarity values match_value,, wherein
the matching block corresponding to the minimum or
maximum value is the optimal matching block of the
input image block and the location information corre-
sponding to the optimal matching block is the optimal
offset (Ax, Ay) of the input image block which is a
motion vector of the input image block, wherein the
optimal offset is calculated by the coordinate values (x,
y) of the central point of the input image block in the
reference speckle window deducted by the coordinate
values (X', y') of the central point of the optimal
matching block in respective X and Y-axis directions;
and

Step 6: using the optimal offset Am (Ax or Ay) in the
respective X or Y-axis direction, as well as a known
distance parameter d in the reference speckle image, a
baseline distance S between a laser projector and an
image acquisition device, a focal length d of an image
sensor and a dot pitch parameter p of the image sensor
to calculate depth information d' for the central point O
of the input speckle image block block,,,.,, via a depth
calculation formula.

2. The method according to claim 1, wherein in Step 3, the
similarity value match_value, is calculated by means of
XOR (exclusive or) calculation between pixels correspond-
ing to the input image block block,,,, and the matching
block match,.

3. The method according to claim 2, wherein in Step 5,
working out the minimum value among all similarity values
match_value,.

4. The method according to claim 1, wherein in Step 3, the
similarity value match_value, is calculated by means of IAD
(inclusive and) calculation between pixels corresponding to
the input image block block,,,, and the matching block
match,.

5. The method according to claim 4, wherein in Step 5,
working out the maximum value among all similarity values
match_value,.

]
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6. The method according to claim 1, wherein in Step 4, a
marked location adopts such data structure as [location
value, match_value,, similarity value].

7. The method according to claim 6, wherein the location
value can be expressed in a one-dimensional or two-dimen-
sional mode, which corresponds to a location distance
relationship between the central point O, of the matching
block match, and the central point O of the matching search
window Match,,. ., and the two-dimensional mode is
expressed by the optimal offset (Ax, Ay), in which both Ax
and Ay are integers, whose positive and negative values
respectively indicate a left-right and an up-down relation-
ship to the central point of the matching search window.

8. The method according to claim 1, wherein, in Step 6,
d' is calculated by the depth calculation formula:

Ampd? 15d

&= Rmpd = 5+ b’

where the optimal offset Am is equal to the x coordinate
value of the reference speckle window central point
deducted by the x' coordinate value of the optimal
matching block central point, or equal to the y coordi-
nate value of the reference speckle window central
point deducted by the y' coordinate value of the optimal
matching block central point.

9. The method according to claim 1, wherein the method
further includes: Step 7: moving the central point O of the
input image block to another pixel in the same line, repeat-
ing the steps 2-6 to calculate the depth information, and
following such calculation, sequentially processing point by
point and line by line to obtain a depth image corresponding
to the input speckle image.
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